The incidence of ACL tear and reconstruction has increased over time, and failure of ACL reconstruction is not perfectly defined among surgeons. Atraumatic failure of ACL surgery represents approximately 70% of causes, and occurs in diagnostic errors, technical errors and problems of ACL graft integrations. Regarding surgical technique, we should answer certain questions about our choice of surgery, tunnel position, graft type, graft suture, tensioning the graft, and how we deal with certain incidents or intraoperative accidents. The purpose of this article is to review the current information and trends of ACL reconstruction, and presents some tips and tricks we use in our current practice.
There are differences between clinical examination and KT measurements regarding the diagnosis of an ACL graft rupture or ACL surgery failure, and around 0.7-10% of recurrent instability 5 years post-ligamentoplasty. 12 
ProbLEms To soLvE
Obtaining knee stability and rapid return to previous level of sports activities are short-term goals regarding ACL surgery.
Preventing arthritic changes and minimizing cartilage wear are long-term problems to solve. Regarding these goals of ACL reconstructive surgery, we should look back and evaluate if we succeeded in terms of benefit.
sTILL A ChALLENgE -why?
Surgical errors are the most frequent cause of graft failure (around 70%). [11] [12] [13] Graft integration is the factor that ultimately demonstrates the success of surgical intervention. A rapid and strong integration of the graft allows early rehabilitation and recovery of the knee. A series of biologic strategies of promoting intraarticular and intraosseous healing by use of cytokines, stem cells and gene therapy are currently under investigation, and will be clinically important in the near future. 14, 15 Sepsis leading to ACL failure and graft integration problems is rare (up to 1%), but it is a demanding medical problem requiring antibiotics and arthroscopic reinterventions. 16 Trauma can cause excessive tension upon the newly reconstructed ACL in the early postoperative period due to aggressive rehabilitation before the healing process and graft integration had been completed. Repetitive trauma in athletes may lead to failure in graft integration or rerupture of the new ACL.
Patient selection is important in terms of compliance to postoperative movement restrictions, rehabilitation protocol and return to sport activity. As for the indications of surgical treatment, we should focus more on the activity level of the patient prior to surgery, and less on the patient's age.
Surgical timing can affect the clinical outcome, but in the literature there is no consensus regarding the right timing of ACL surgery. In certain studies the authors have found that if surgery is done within the first week following the trauma, there is a great risk of developing arthrofibrosis, however, newer studies correlate the risk of developing arthrofibrosis with the muscular and functional status of the knee prior to the trauma, more than with the injury-to-surgery interval. 17, 18 There are studies that found that quadriceps strength deficits prior to surgery are correlated with the clinical outcome, and suggested that ACL surgery should be performed when the involved quadriceps muscle strength is at least 80% of the contralateral lower extremity. 19 Acute ACL reconstruction may be an option for professional athletes who must return to sport as soon as possible. 20 A successful surgical intervention is one that uses a solid thick graft that is placed anatomically, and is fixed with a solid device.
Regarding surgical technique, we should answer certain questions about our choice of surgery, tunnel position, graft type, graft suture, tensioning the graft, and how we deal with certain incidents or intraoperative accidents.
In the 1980s, ACL reconstruction was using the 2-incision technique, and in the 1990s it was using one transtibial arthroscopic incision that provided a vertically positioned ACL graft. It was demonstrated that the latter technique resisted to anterior tibial translation, but often it was not capable of resisting to internal tibial rotation. [21] [22] [23] Over time, the technique of ACL reconstruction shifted from isometric toward anatomical, and from single-bundle toward double-bundle. Recent studies reported superior results of anterior and rotational stability using the double-bundle technique, but no subjective clinical differences were found between the double or single anatomical bundle technique groups. [24] [25] [26] Currently, we have two alternatives to consider -the anatomic single-bundle medial portal, or all-inside technique, and the anatomic double-bundle. New trends in ACL surgery gravitate toward the anatomic single-bundle with anterolateral ligament reconstruction.
TIPs AND TrICks

Tip no. 1 -Antero-medial portal
Low medial portal (extend medially, just off the medial femoral condyle), make a longitudinal tegument incision, resect some of the fat pad, identify the femoral start point with the knee in a 90˚ angle flexion, almost in the center of the ACL footprint, drill the guide wire with the knee flexed at 120˚, and pay attention to press-fit fixation.
Tip no. 2 -Notchplasty
Many authors perform notchplasty, but several studies reveal that it poses a stress on the graft, and it represents a risk for a possible future failure of the reconstructed ACL.27,28 Some studies reveal arthroscopic and MRI modifications of the femoral notch, namely fibrocartilage and bone ingrowth that lead to late impingement failure of surgery. 29, 30 In conclusion, the use of routine notchplasty remains controversial.
Tip no. 3 -Identify the femoral footprint
By use of a second medial portal the surgeon must identify anatomical structures like the medial lateral femoral condyle, intercondylar ridge, bifurcate ridge, crescent footprint (18 mm/11 mm), the middle of the footprint (measurements with ruler) at 40-50% from the measured anteroposterior distance, close to the cartilage in the distal part (final tunnel 2-3 mm from the cartilage). No clock position is used.
Tip no. 4 -Drilling a femoral socket
With the knee flexed at 120˚, by use of the low medial portal we have to drill a guide wire, measuring the length of the condyle (around 35 mm). The socket will be shallow (press fit or all-inside). We must drill a tunnel with a diameter 0.5 mm smaller than the graft diameter, and be careful with the cartilage of the medial femoral condyle. The bone debris from the tunnel is to be removed, and the tunnel length must be at least 20 mm long.
Tip no. 5 -Graft preparation
The graft should be as thick as possible to cover the footprint. Do not accept soft tissue less than 8 mm (if possible). The graft should not be too long if it is a suspension fixation (elastic/hybrid). We must measure the graft in tension, and remember to press fit (biologic integration/tunnel enlargement).
Tip no. 6 -Tibial tunnel
The tibial tunnel must be drilled in the middle of the tibial footprint or at the junction of the medial and middle third (depending on the graft diameter), measured with the ruler at a 70˚ flexion of the knee. The guide wire must be in line with the posterior margin of the anterior horn of the lateral meniscus -more anterior than it was in the past (30-40% in sagittal plane). We should leave the residual ACL stump for the benefit of integration, proprioception and tunnel enlargement. The tunnel length is 35-45 mm.
Tip no. 7 -Final tuning
We must check the final position in extension for impingement. We must drill (sequentially) 4.5 mm, and then reposition the guide wire 1-2 mm if needed. We should not perforate the ACL stump (if possible), and try to keep the ACL stump. Graft fixation must be solid, and the surgeon must be familiar with its use. Our personal experience concerns a tight rope and a peek screw on the tibia, and we drill 1 mm more than the tunnel diameter for men and 2 mm more than the tunnel diameter for women.
Tip no. 8 -Graft tensioning
We should not put too much tension on the graft, since graft necrosis may appear. A 4-6 kg tension is recommended, with flexion of the knee around 20˚ and posterior drawer.
Errors related with ACL reconstruction surgery include tunnel malpositioning, wrong graft choice or preparation, isometric graft (error or not?), fixation failure, graft failure, and associated ligament tears.
In the literature, authors describe residual pivot-shift despite a good reconstruction of the ACL, which is correlated with poor patient satisfaction. 31 One recent technique is the "all-inside" technique, which is a "no-tunnel technique" that has the potential advantage of minimizing morbidity, creating closed tunnels ("blind sockets"). This technique uses a cannulated retrograde drill or "flip cutter" (Arthrex), and has the flexibility of graft choice, fixation, single-/double-bundle. Another advantage is improved cosmetics (no tibial drilling), and less bleeding and pain. This technique uses a "graft link" suture technique of a quadrupled ST graft or allograft of approximately 75-80 mm graft length, a retrograde drill and Passport silicone cannula on the AM portal. 32, 33 In the literature, there are studies that mention residual rotational instability after ACL reconstruction, and also studies about anterolateral ligament role in rotational stability. [34] [35] [36] All these information raise new questions about the need of lateral reinforcement in anterior ligament reconstruction.
The anterolateral ligament (ALL) was first described in 1879 by the French surgeon Paul Segond, who described a fibrous band between the lateral femur and the tibia that he had observed during studies of tibial eminence fractures. 37 Recent cadaver studies identified the origin of the ALL at the lateral femoral epicondyle, slightly anterior to the origin of the lateral collateral ligament, the oblique course toward its insertion on the anterolateral tibia, which is located midway between the tip of the fibular head and Gerdy's tubercle, and the authors found no connection with the iliotibial band. 37, 38 A recent study reviewed 92 patients with ALL reconstruction associated with ACL, and reported very promising results with a significant decrease in anterior and rotational instability. 39 We should not forget that complex ligament injuries, such as posterior cruciate tear, posterolateral corner lesion, medial collateral ligament tear or residual laxity, affect the result of ACL surgery leading to failure. 40 After ACL reconstruction we suggest returning to sport after a minimum of 6 months, when the knee has no swelling, the range of motion is 0 to 150°, when the full sprinting program is completed, quadriceps strength is at least 85% compared to the contralateral limb, hamstrings strength is at least 90% of the contralateral limb, and the Hoop test is minimum 85%.
CoNCLUsIoN
The first step toward better results in ACL surgery is understanding ACL anatomy and identifying the footprint. The second step is to be aware of the technical demands and realizing that it is a technique with a lot of complications, one that requires a good fixation of an optimally prepared graft. And finally, we should remember that choosing the right patient for surgery and keeping close observation of this patient during the recovery period is not the least important factor of excellent results of ACL surgery.
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